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The use of interventional radiology (IR) in diagnostic and therapeutic procedures 
has seen a vast increase in recent years, primarily because of its numerous significant 
benefits.  Prolonged fluoroscopy times and large numbers of radiographs delivered to 
limited areas of the patient, however, can cause deterministic effects ranging from transient 
erythema and dermatitis to skin necrosis1,2).  Mapping skin doses in complex fluoroscopy 
interventions is useful to determine the probability of a possible injury, to detect areas of 
overlapping irradiation fields, and to obtain a permanent register of the patient’s most 
exposed skin areas.  
In this work, a new method for mapping skin doses in IR using an imaging plate 
(IP) has been developed.  IPs are made of photostimulated luminescence (PSL) materials, 
are highly sensitive two-dimensional radiation sensors, can be reused repeatedly.  
Although the IP has already been applied for use as a passive dosemeter3), there is an issue 
for applying IP to measure cumulative doses in IR.  In the X-rays energies range, IP has a 
strong dependence on photon energy. By combining the sensitivity data measured with 
filters of three different metals (aluminum, copper, and cadmium), flat sensitivity of an IP 
to the dose equivalent (Hp(0.07)) within 8% for X-rays with effective energies of 30 to 120 
keV can obtained4). However, in X-ray diagnosis, since a shadow of the filter appears on 
the image and interferes with clinical examination, IPs should be used without filters.  
Variation of sensitivity without filters for effective energy range in IR procedures was 
measured by obtaining ratio of the weighted sum of the sensitivities with these three 
different metal filters to the sensitivities obtained values without filters by irradiation, 
simulating actual fluoroscopy and radiography procedures.  Direct measurement of the 
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entrance skin dose (ESD) by wrapping a large piece of IPs around the back of a water 
phantom was attempted and the ESD obtained by IPs was compared with the results 




Imaging plate and readout technique 
The BAS-TR type IP of 12.7 cm × 12.7 cm in size, manufactured by Fuji Photo 
Film Co., Ltd. was used.  It has a 50-µm-thick photostimulable phosphor (BaBrF:Eu2+) 
and has no protective surface layer.  For measuring the ESD using a water phantom, a 
large piece of IPs of 38.1 cm × 50.8 cm, which was made by coupling 12 sheets of BAS-TR 
together, was used.  The IPs were wrapped in black polyethylene to shield them from 
sunlight during irradiation.  IPs were scanned with a 200 × 200-µm BAS-1000 readout 
system (Fuji Photo Film Co., Ltd.) 3 - 4 hours after irradiation by the cellophane 
technique5), and then, IPs were rescanned after annealing at 100ºC for 70 hours. 
 
X-ray irradiation  
The IPs were irradiated by using X-ray beams from the X-rays generator 
(KXO-2050, Toshiba Medical Co.) at Yamagata University Hospital.  To generate the data 
needed to compare the PSL values obtained by combining results with metal filters with the 
PSL values obtained without filters, the IP, which was in contact with three different metal 
filters, was placed on the tabletop just under an acrylic phantom and the X-ray beam was 
provided from under the table.  The acrylic phantom was 20 cm thick and had a 33 × 33 
cm front face. Figure 1 shows that the IP and the set of filters used in these experiments, 
which were made of 0.5 mm thick aluminum, 0.1 mm thick copper, and 1.0 mm thick 
cadmium.  Two IPs with filter set were irradiated at every irradiation.  Two typical IR 
procedures were performed, varying tube potential between 60 kV and 120 kV and varying 
tube current between 1.6 mA and 3.2 mA for fluoroscopy and 250 mA and 400 mA for 
radiography.  To know the dose on a real-time during the procedure, a Skin Dose Monitor 
(SDM104-101, McMahon Medical Co.) was placed beside IPs.  
The relation between PSL density (PSL/mm2) and absorbed dose (Gy) in the range 
from 1 mGy to 2 Gy was evaluated by placing IPs under an acrylic phantom.  The IP was 
also in contact with metal filters as shown in Fig.1.  Two IPs with filter set were irradiated 
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at every irradiation. The tube voltage was fixed at 100 kV and the tube currents of 200 and 
400 mA were used.  The absorbed dose was measured by an ionization chamber 
(model1015, RADCAL Co.,).  
For mapping the ESD, the large piece of IPs was wrapped around the back of a 
water phantom, which mimicked a human body and had cylindrical shape 20 cm × 30 cm × 
45.5 cm, and a typical IR procedure simulating percutaneous transluminal coronary 
angioplasties (PTCAs) was performed, varying tube potential between 60 kV and 120 kV 
and using tube current 200 mA for radiography.  In this procedure, the IP surface faced 
toward the X-rays generator, so that the IP could automatically correct for radiation 
backscattered from the water phantom.  The image intnsifier had a field of view (FOV) 
with a square area of 10 × 10 cm cm on the surface of the water phantom.  
 
Dose Ace 
Dose Ace (Asahi Techno Glass Co.,) consists of a silver-activated 
photoluminescence glass dosemeter (PLD) chip and 0.76 mm thick tin filter for energy 
compensation (GD-352M).  48 PLD chips were used to measure the ESD. Each PLD chip 
was placed at intervals of 5 cm in a grid of 8 lines and 6 rows on the reverse of the IP sheet.  




Irradiation simulating actual medical practice for fluoroscopy and radiography 
showed that ratio of values obtained with three different  metal filters to values without 
filters remained constant to within 5% in two typical IR procedures.  This indicates that 
metal filters are not necessary when IPs are used for estimating skin dose distributions in 
typical IR procedures.  
The correlations between PSL density (PSL/mm2) and the absorbed dose (mGy) are 
exhibited in Figure 2, showing excellent linearity.  The results by the annealing technique 
showed better linearity than those by the cellophane technique.  Because the former can 
decrease the effects of fading and give a more precise estimate of quantitative dose, though 
the latter does not account for the effects of fading5). 
Images of dose distributions obtained by scanning of the large piece of IPs with the 
annealing technique are shown in Figure 3. Peak skin dose (PSD) area, which is marked 
 96
with a white line, can be easily recognized visually by variations of PSL density.  The 
higher level of ESD in this area is due to overlapping of irradiation fields with two views; 
LAO 45º - CRA 25 º and LAO 60- º CRA 0 º , which are frequently used projection in 
PTCAs. The result of mapping of ESD, which was calculated from the PSL values with the 
annealing technique using an equation obtained from the regression line in Fig.2, are 
exhibited in Figure 4. The PSD was estimated to be 1.62 Gy (±4.3%) with the annealing 
technique and 1.16 Gy (±8.5%) with the cellophane technique.  The results by PLD chips 
were also mapped and shown in Figure 5, giving 1.41 Gy as the highest dose. Both mapped 
dose distribution by using IPs (Fig.4) and PLD chips (Fig.5) show an excellent agreement, 
however, the PSD area cannot be recognized in mapped ESD obtained by PLD chips. 
 
Discussion 
The easiest way to determine the ESD is by direct measurement with special 
detectors such as TL dosemeters. Incorrect positioning of dosemeters, however, can easily 
result in underestimation of the ESD.  An important issue on the measurement in IR is to 
know the extent of the irradiation field and the intensity of dose.  In order not to miss hot 
spots, we have to increase the number of monitoring points and dosemeters.  At this point 
of view, mapping skin doses in IR by using two-dimensional radiation sensors is the best 
way.  Since most installations avoid high dose rates in the vicinity of the patient and staff 
by using fluoroscopy equipment configured with an over-couch image intensifier and an 
under-couch X-ray tube, the patient’s skin dose can be mapped by placing a large piece of 
film relatively insensitive to X-rays on the tabletop just under the patient. Guibelalde 
reported that Kodak EDR2 film could be used this way to estimate maximum skin doses up 
to 1400 mGy but that the linear range for accurate dose measurements was only from 50 
mGy to 500 mGy7). According to ICRP Publication 858), all patients with estimated skin 
doses of 3 Gy or above should be followed up after exposure. They are thus not adequate 
for indicating the likely onset of deterministic effects.  Furthermore, films like EDR2 
cannot be reused.  The IP of BAS-TR can estimate skin doses ranging from 1 µGy to 100 
Gy and has linearity up to about 10 Gy4,5).  This, along with the possibility of reusing IPs 
repeatedly by irradiating them with visible light between uses, supports the usefulness of 






1)  Vano E., Arranz L., Sastre J.M., Moro C., Ledo A., Garate M.T. and Minguez, I., Br. J.  
Radiol.,71 (1998) 510.  
2)  Faulkner K. and Vano E., Radiat. Prot. Dosim. 94 (2001) 95. 
3)  Ohuchi H., Yamadera A. and Baba M., Radiat. Prot. Dosim. 107 (2003) 239. 
4)  Ohuchi H., Yamadera A., Satoh T. and Eguchi Y., FULL PAPERS of the 11th International  
Congress of the International Radiation Protection Association (2004) 
5)  Ohuchi H., and Yamadera A., Nucl. Sci Technol. (Suppl.) 4 (2004) 140. 
6)  Tsuda M., Japan. J. Med. Phys. 20 (2000) 131. 
7)  Guibelalde E., Vano E.,Gonzalez L., Prieto C.,Fernandez J.M. and Ten J.I., Br. J. Radiol. 76  
(2003) 332. 
8)  International Commission on Radiological Protection (ICRP). ICRP Publication 85.(Ann. ICRP  






























0 500 1000 1500 2000
Absorbed dose (mGy)
y = 0.201x + 3.305  
 r 2  = 0.995
y = 0.339x - 2.042  
 r 2  = 0.999
by the cellophane technique
by the annealing technique
  
Fig. 2.  Correlation between PSL density and the absorbed dose (mGy).  IPs are scanned by the  
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Fig. 3.  Images of dose distributions obtained by scanning of the large piece of IPs with the annealing  





















































































Fig. 5.  Mapped ESD obtained by PLD chips. 
